| INTRODUCTION
Occupational physical activity is associated with osteoarthritis at several different anatomical sites. [1] [2] [3] [4] The risk of hip osteoarthritis, for example, is increased amongst agricultural workers [5] [6] [7] and that of knee osteoarthritis amongst miners and floor layers. [8] [9] [10] Regarding the spine, there has been evidence for some time that physical workplace exposures are associated with an increased risk of low back pain. 1, [11] [12] [13] [14] [15] [16] However, most epidemiological studies have involved reporting of symptoms alone and have not included an investigation of spinal structural changes with occupation.
Lumbar spinal stenosis (LSS), defined as a narrowing of the lumbar canal with encroachment of neural structures by surrounding bone and soft tissue, is thought to be a degenerative condition of the spine. 17, 18 When severe, symptoms of LSS include neurogenic claudication causing leg pain that increases in intensity with walking speed and distance traveled. These symptoms cause impaired mobility at older ages so that LSS is the most common indication for spinal surgery among people aged >65 years. 19, 20 Epidemiological research to define risk factors for LSS has been hampered in the past by lack of reliable clinical or x-ray criteria. In current clinical practice, magnetic resonance imaging (MRI) has become the preferred diagnostic tool, given that it allows the detection of minute changes of the intervertebral discs and ligaments. 21, 22 To date however, there has been limited research to explore the contribution of occupation to structural changes in the spine as investigated by MRI. Therefore, we investigated the prevalence of LSS using spinal MRI in a population sample of adults who had undertaken a range of different occupations, as part of the Wakayama Spine Study. The objective of this analysis was to determine occupational risk factors for severe LSS.
| MATERIALS AND METHODS

| Participants
The Wakayama Spine Study assessed a sub-cohort from the Research on Osteoarthritis/Osteoporosis Against Disability (ROAD) study, a large-scale, prospective study of bone and joint disease among population-based cohorts in Japan. The detailed profile of the ROAD study is described elsewhere. 23 In brief, individuals were recruited from resident registrations in three communities: an urban region in 
| Occupation and occupational activities
A lifetime occupational history was collected alongside details of seven types of specific work exposures: sitting on a chair for ≥2 h/day, standing for ≥2 h/day, kneeling for ≥1 h/day, squatting for ≥1 h/day, driving for ≥4 h/day, walking ≥3 km/day, walking upstairs 30 floors/ day, climbing up slopes or steps for ≥1 h/day, and lifting loads weighing ≥10 kg at least once a week. For the current study, the information on occupational title and exposures was derived from the respondent's principal occupation (that in which the participant had worked for the longest duration).
| Assessment of lumbar spinal stenosis
Despite the severity of symptoms that can result from LSS, there is to date no consensus as to how to define LSS radiologically using MRI scanning 25 and a number of approaches have been suggested. 26 For the current study, the severity of LSS on MRI scan was assessed qualitatively by one experienced orthopaedic surgeon (YI) following the methodology of Suri et al. 18 The severity of the central canal stenosis was qualitatively graded on the axial images as: no spinal stenosis; mild spinal stenosis-a maximum of 1/3 narrowing; moderate spinal stenosis-narrowing between 1/3 to 2/3, and; severe spinal stenosis as more than 2/3 narrowing ( Figure 1 ).
To confirm the reliability of this methodology, the observer re- 
| Statistical analysis
Participants' demographic and lifestyle characteristics were summarized using means and standard deviations (SDs) and proportions (%) separately for those with severe LSS (cases) and those with lesser degrees of LSS or no LSS (controls). Differences in categorical and continuous characteristics between cases and controls were assessed using chi-squared and t-tests, respectively. The effects of type of occupation (using clerical/technical experts as a reference category), and occupational activities on severity of LSS were assessed using logistic regression modelling, before and after adjusting for demographic and lifestyle characteristics, and were summarized by odds ratios (ORs) and 95% confidence intervals (CIs).
As the main focus of this study was to explore the association between type of occupation and occupational activities with LSS, and many of the older participants had stopped working as much as [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] years prior to their MRI scan, we repeated the analyses separately for those <75 and ≥75 years of age, allowing a decade after retirement. 27 Statistical analyses were performed using Stata V.12.1 (StataCorp, College Station, TX).
| RESULTS
Complete data were available for 722 participants (245 males, 477 females), mean age 70.9 years, range: 53-93 years. To explore their representativeness, we compared the study population with the general population for a key characteristic known to be associated with osteoarthritis, body mass index (BMI). We found that the mean BMI of . In contrast however, we found that the study participants reported a lower prevalence of In total, 239 (33%) subjects were defined with severe LSS (cases) and the remaining 483 individuals were controls ( Table 1 ). The cases were significantly older than the controls (cases: 74.1 (SD 9.2) years, controls: 69.4 (9.9) years, P < 0.001) but there were no differences in gender, BMI, smoking or alcohol. After adjustment for age (Model 2), none of the statistically significant associations with occupational title or activity were retained and similarly attenuated effects were seen after full adjustment for age, sex, BMI, smoking, and usual walking speed (Model 3). 
| DISCUSSION
The results of this study suggest that severe LSS, assessed by MRI scan, was associated with heavy manual work particularly in the Factory/ Construction industries. The strength of the association was strongest among individuals aged <75 years in whom the risk was increased almost four-fold, even after adjustment for age, gender, BMI, smoking, and usual walking speed. We also tried to identify which specific occupational activities might be implicated in severe LSS. The exposures that were implicated were: kneeling ≥1 h/day, squatting ≥1 h/day and walking ≥3 h/day, but none of these showed statistically significant associations after full adjustment for participants' characteristics.
It is noteworthy that these significant associations with agricultural/construction work were found among an older cohort of adults (mean age >70 years, range 53-93 years), among whom we found a high prevalence of LSS changes on MRI scan (only 5/722, 0.7% had no central canal stenosis). Because of the high prevalence of changes, our comparisons were between the 239 cases with "severe" LSS (defined as narrowing ≥two-thirds) and the 483 "controls" amongst whom the prevalence of no LSS was only 5/483 (1%), the remainder being mild LSS 132/483 (27%) and moderate LSS 346/483 (72%). In consequence, the comparison was across the spectrum of severity rather between those with and without LSS. If occupation is a risk factor for onset of LSS we would have expected to see even larger effects were the control population free of stenosis on MRI scan.
There are other limitations that need to be considered. First, the participants in this study were a population sample but were not selected at random. When we explored their representativeness, we found that they had BMI similar to that of the general population but that the participants might have healthier lifestyles (lower levels of smoking and alcohol) than the background population. This may limit the generalizability of these findings and more research is required.
Second, the study design did not allow recruitment of elderly institutionalized adults as volunteers needed to be sufficiently healthy to participate, attend for physical function tests and undergo an MRI scan. As LSS is one of the common causes of impaired mobility in older people and immobility may lead to institutionalization, this may have created a bias, but if so, the effect would have been likely to reduce the estimated prevalence of LSS. The effect of this on the current findings would only be biased if we believe that those who previously performed certain occupations were more likely to be institutionalized than those previously employed in others, which seems unlikely.
In this study, ascertainment of occupational exertional exposures was by direct inquiry rather than being inferred from job title, a method that is well recognized to perform poorly in the absence of a job exposure matrix. The information is dependent upon recall, which may be subject to bias. Moreover, we analyzed data relative to the occupation which was held for the longest period of time during each participant's working lifetime (the principal occupation) which may not accurately represent an entire working life experience of exposures.
It is a strength of this study that all MRI scans were performed in the same scanner using one protocol. Moreover, all scans were assessed by one highly-trained orthopaedic surgeon (YI). In addition, considerable efforts were made to guarantee the reliability of the assessments by the observer, including inter-observer and intraobserver studies with a sample of 5% of the MRI scans, both of which suggested a very good level of reliability (kappa >0.7 in both studies).
Occupations involving physical loading activities have been implicated in the causal pathway of osteoarthritis at other anatomical sites, particularly the knee and hip joints. 28, 29 Back pain and degenerative changes at the cervical and lumbar spine have also been reported since the 1950s, implicating both occupational exposures such as heavy lifting and whole-body vibration, and exposures outside work. 1, 8, 30 LSS is a degenerative spinal condition and therefore, it is not unexpected that heavy manual work might be associated with its occurrence and/or severity.
Although there have been many studies of low back pain and occupation, [11] [12] [13] [14] [15] [16] we found little published evidence about LSS and occupation. One study which explored LSS using lumbar spine radiographs reported that men who did heavy manual work had smaller anteroposterior foraminal diameters than men whose work involved less physical labor but that, paradoxically, the mean anteroposterior foraminal diameters were wider in female farm workers than in other women. 31 Another study explored hospitalizations for back disorders by industrial classification using population census data linked with hospital registry data. 32 Data on LSS were only available amalgamated with spondylosis and back-pain syndromes in the category "other common back disorders." In this category, agricultural workers and animal caretakers had a considerably higher rate of hospital admissions (agestandardized risk ratio (SRR) 388 for men and 304 for women). Among women, mail carriers and sorters (SRR 237) were also at high risk and, among men, assemblers, assembly line workers, and other occupations in iron and metal work (SRR 192). 32 We found one other MRI study, in which Mariconda and colleagues assessed LSS among 120 patients aged 40-84 years, all of whom had LBP. 33 The investigators estimated occupational lifetime exposures from self-reported questionnaires. LSS, (defined as a dural sac cross-sectional area of less than 100 mm In any study of occupation, the healthy worker effect is of relevance, particularly when participants are selected for inclusion from within the workplace as, of course, workers who are least healthy are those most unable to attend work. We do not believe that this effect will have paid a significant part in the current study given that this was a community study in which all participants reported upon their lifetime occupational exposure. If anything, we would expect that those with most severe back pain symptoms would have self-selected themselves into more desk-based and sedentary types of work during their lifetimes, attenuating the association between exposure and effect. Alternatively however, it could be conjectured that Japanese workers in rural settings might have difficulty finding alternative employment or that the Japanese work culture encourages workers to FIGURE 2 Comparison of the adjusted associations (OR and 95% CIs) among cases with severe LSS, as compared with controls without, among people from the different occupational, stratified by age continue in manual work despite troublesome back symptoms. Either way, the findings of the current study suggest an impact of heavy manual tasks on the risk of LSS and it will be important to determine if these findings are replicated in other workforces.
In conclusion, we present the first population study describing the association of heavy manual work with severe LSS, particularly among people aged <75 years at the time of the MRI scan. According to our results, the risk appears strongest in those from the factory and construction industries but it would be important to understand what aspects of these jobs are specifically associated and undertake research to explore how best to prevent any adverse impacts. This finding needs replication in other cohorts but could have implications for countries that define and compensate "industrial injuries."
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